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IMAGE SENSOR AND METHOD OF
FORMING THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an 1mage sensor and a
method of forming the same.

2. Description of the Prior Art

In recent years, complementary metal-oxide semiconduc-
tor (CMOS) 1mage sensors have become popular solid
image sensors, largely replacing charge-coupled devices
(CCD). Because CMOS 1mage sensors are made by con-
ventional semiconductor manufacturing methods, they have
both low cost and small size. Otherwise, CMOS 1mage
sensors have high quantum ethciency and low read-out
noise, and are thus popularly applied in PC and digital
cameras.

The typical CMOS 1mage sensor mncludes a photo diode
for metering the intensity of the light, and three or four
metal-oxide semiconductors (MOS) individually having the
functions of reset, amplification, and selection.

Please refer to FIG. 1. FIG. 1 schematically illustrates a
manufacture of an 1mage sensor according to the prior art.
An 1mage sensor 100 1s installed on a semiconductor sub-
strate 102, wherein the semiconductor substrate 1s separated
into a non-photo recerving area A, and a photo receiving area
B. The photo receiving area B has a photo diode 104 in the
semiconductor substrate 102. The non-photo receiving area
A has a shallow trench 1solation (STI) 103 1n the semicon-
ductor substrate 102. Two gate electrodes 106, 108 are
installed on the semiconductor substrate 102, wherein the
gate electrode 108 1s installed between the non-photo receiv-
ing area A and the photo receiving area B. In prior image
sensor 100 manufacture, the shallow trench 1solation 103,
the photo diode 104, and the gate electrodes 106, 108 are
first formed in the semiconductor substrate 102. Then, a
covering layer 1s made by a chemical vapor deposition
(CVD) for covering the gate electrodes 106, 108, and the
semiconductor substrate 102. An anisotropic etching process
1s subsequently performed on the covering layer for forming
a spacer 110 around the gate electrodes 106, 108. Next, an
ion 1mplantation process 1s performed to form dopants such
as the source/drains 116, 118, 120 1n the lateral sides of the
gate electrodes 106, 108.

A patterned self-alignment silicide block 112 1s formed on
the photo receiving area B and a part of the gate electrode
108 near the photo receiving areca B. A self-alignment
silicide (salicide) process i1s then performed, so salicides
122,124, 126, 128 are formed on the gate electrode 106, the
gate electrode 108 without the self-alignment silicide block
112, and the source/drain respectively.

Subsequently, an anti-reflection layer (AR) 114 1s formed
on the semiconductor substrate 102. An inter-layer-dielec-
trics (ILD) layer 1s then deposited; a photolithograph process
ol a contact hole 1s performed, and an etching process of the
contact hole 1s performed, so as to complete other circuits of
the CMOS 1mage sensor. In this prior art, the etching process
of the spacer 110 usually has 1on-bombardment, charge-up
damage, and plasma etching damage to the photo-receiving
area B, so the noise of the image sensor increases. Other-
wise, the anti-reflection layer 114 1s installed on the seli-
alignment silicide block 112, resulting in the matenal of the
self-alignment silicide block 112 not having the function of
ant1 retlection. This means the effect of the anti-reflection
layer 114 will not be good enough.
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Please refer to FIG. 2. FIG. 2 schematically illustrates a
manufacture of an 1image sensor according to another prior
art. An 1mage sensor 200 1s installed on a semiconductor
substrate 202, wherein the semiconductor substrate 1s sepa-
rated 1nto a non-photo receiving arca C, and a photo receiv-
ing arca D. The photo recerving area D has a photo diode
204 1n the semiconductor substrate 202. The non-photo
receiving area C has a shallow trench 1solation 203 in the
semiconductor substrate 202. Two gate electrodes 206, 208
are 1nstalled on the semiconductor substrate 202, wherein
the gate electrode 208 is installed between the non-photo
receiving area C and photo recerving area D. In prior
manufacture of the image sensor 200, the shallow trench
1solation 203, the photo diode 204, and the gate electrodes
206, 208 are first formed 1n the semiconductor substrate 202.
Then, a covering layer (not shown) 1s made by a chemical
vapor deposition (CVD) for covering the gate electrodes
206, 208, and the semiconductor substrate 202. An etching
process 1s then performed on the covering layer for forming
a spacer 210 around the gate electrodes 206, 208, a protect-
ing layer 212 on the photo receiving area D and one side of
the gate electrode 208 near the photo receiving area D. Next,
an 10n implantation process 1s performed to form dopants
such as the source/drains 216, 218, 220 in the lateral sides
of the gate electrodes 206, 208.

A patterned self-alignment silicide block 214 1s then
formed on the protecting layer 212 to cover the photo
receiving area D and a part of the gate electrode 208 near the
photo receiving area D. A self-alignment silicide process 1s
subsequently performed, so salicides 222, 224, 226, 228 are
formed on the gate electrode 206, the gate electrode 208
without the self-alignment silicide block 214, and the
source/drain respectively. Finally, an anti-refection layer 216
1s formed on the semiconductor substrate 202 for the later
contact hole process. FIG. 2 discloses the layout of the
protecting layer 212 overlapping the gate electrode 208, so
as to avoid plasma damage to the photo receiving area D.
The stack made by the protecting layer 212, the seli-
alignment silicide block 214, and the anti-reflection layer
216 1s above the photo receiving area D, however. The
thickness of the stack 1s too thick, however, resulting 1n 1t
influencing the continuous manufacture and product ellect.

Because the prior art has the above-mentioned shortcom-
ings, researching an 1mage sensor and method of manufac-
turing the same that solves the problems of the prior art 1s an
important 1ssue.

SUMMARY OF THE INVENTION

The present mvention provides an 1image sensor to solve
the above-mentioned problems.

An embodiment of the present invention provides an
image sensor. It includes a semiconductor substrate, a photo
receiving area in the semiconductor substrate, a gate elec-
trode 1nstalled 1n a lateral side of the photo receiving area on
the semiconductor substrate, and a patterned dielectric layer
covering the gate electrode, the photo receiving area, and
exposing a partial gate electrode. A spacer surrounds the gate
clectrode on the dielectric layer.

Another embodiment of the present invention provides a
manufacture of an 1mage sensor. It includes providing a
semiconductor substrate, forming a photo receiving area in
the semiconductor substrate, forming a gate electrode on one
side of the photo receiving area 1n the semiconductor
substrate, forming a dielectric layer on the semiconductor
substrate and the dielectric layer covering the gate electrode
and the surface of the photo receiving area, forming a spacer
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around the gate electrode and on the dielectric layer, and
performing a source/drain 1on implantation process to form
a dopant 1n one side of the gate electrode away from the
photo receiving area and on the semiconductor substrate.

The first anti-retlection layer of the present invention 1s
the etching stop layer of the spacer etching process, where
the first anti-reflection layer can also protect the photo diode
in the photo receiving area from spacer etching damage.
Otherwise, the first anti-reflection layer can be the seli-
alignment silicide block therefore avoiding the contaminants
that damage the image sensor. Furthermore, the second
anti-reflection layer can be the etching stop layer of the
contact hole manufacture. The first and second anti-retlec-
tion layers can decrease the reflection of the exposure light
in the contact hole photolithograph process.

These and other objectives of the present invention will
no doubt become obvious to those of ordinary skill in the art
alter reading the following detailed description of the pre-
terred embodiment that 1s 1llustrated 1n the various figures
and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 schematically illustrates a manufacture of an image
sensor according to the prior art.

FIG. 2 schematically illustrates a manufacture of an image
sensor according to another prior art.

FIGS. 3 to 5 schematically illustrate manufacture of an
image sensor according to the present invention.

DETAILED DESCRIPTION

Please refer to FIGS. 3 to 5. FIGS. 3 to § schematically
illustrate manufacture of an 1image sensor according to the
present invention. In the embodiment, the present invention
applies to a CMOS 1mage sensor. An 1image sensor 300 1s
installed on a semiconductor substrate 302, wherein the
semiconductor substrate 302 1s separated into a non-photo
receiving area E, and a photo receiving area F. The photo
receiving area F has a photo diode 304 1n the semiconductor
substrate 302. The non-photo receiving area E has a shallow
trench 1solation 303 in the semiconductor substrate 302,
wherein the gate electrode 308 1s 1nstalled on one side of the
photo receiving area F.

The manufacture of the image sensor 300 1n the present
imnvention first forms the shallow trench 1solation 303, the
photo diode 304 and the gate electrodes 306, 308. Next, a
chemical vapor deposition process 1s performed to form a
butler layer 310 covering the semiconductor substrate 302,
and the gate electrodes 306, 308. Then, a depositing process
1s performed to form a dielectric anti-reflection layer 312 on
the bufler layer 310. Another depositing process 1s per-
formed to form a covering layer (not shown) on the anti-
reflection layer 312. The part covering layer on the anti-
reflection layer 312 1s then removed by an 1sotropic etching
process, so as to form the spacer 314 around the gate
clectrodes 306, 308. The anti-reflection layer 312 1s the
ctching stop layer of the spacer 314 etching process. Oth-
erwise, when the covering layer 1s etched, the photo receiv-
ing area F 1s covered by the anti-retlection layer 312, so the
photo recerving area F will not be damaged under the
protection of the anti-reflection layer 312. An 1on implan-
tation process 1s then performed, where dopants such as
source/drain 316, 318, 320 are formed 1n the lateral sides of
the gate electrodes 306, 308.
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Please refer to FIG. 4. A patterned photo resist layer (not
shown) such as a mask of the self-alignment silicide block
1s formed on the semiconductor substrate 302 by a litho-
graph process. Next, an etching process 1s performed, where
the mask of the self-alignment silicide block and the spacer
314 are the etching masks, and part of the anti-reflection
layer 312 and the bufler layer 310 are etched to form a
self-alignment silicide block 404 and the spacer 402. The
self-alignment silicide block 404 includes the butler layer
310 and the anti-reflection layer 312, and part of the seli-
alignment silicide block 404 1s installed on the gate elec-
trode 308 in the non-receiving area E. Furthermore, the
spacer 402 around the gate electrodes 306, 308 1s made by
the bufler layer 310, the anti-reflection layer 312 and the
spacer 314.

Next, a self-alignment silicide process 1s performed to
form salicides 322, 324, 326, 328 on the gate electrode 306,
the gate electrode 308 without the self-alignment silicide
block 404, and the source/drain 316, 318, 320 respectively.

The self-alignment silicide process produces a few well-
known contaminations such as Sodium 1ons, which aftect the
manufacture of the image sensor 300. In the present inven-
tion, however, when the self-alignment silicide process 1s
performed, the self-alignment silicide block 404 covers the
surface of the photo receiving area F to avoid the contami-
nations that aflect the manufacture of the image sensor 300.

Please refer to FIG. 5. A chemical vapor deposition
process 1s performed, and a dielectric anti-reflection layer
502 1s formed on the semiconductor substrate 302. Next, an
inter-layer dielectric made by the mitride silicon layer 1is
installed on the semiconductor substrate 302. Then, a con-
tinuous contact hole manufacture 1s performed to complete
the circuits of the CMOS 1mage sensor. The anti-reflection
layers 312, 502 have ant1 reflection effects to decrease the
exposure light of the contact hole photolithograph process.
The anti-reflection layer 502 1s the etching stop layer in the
contact hole process.

The above-mentioned anti-reflection layers 312, 502 are
made by silicon nitride, and can be made by any material
having a reflection index that lies between the retlection
index of silicon oxide and the reflection index of silicon. The
material can be selected from the group consisting of silicon
oxy-nitride, ceritum oxide, titanium oxide, tantalum oxide,
zirconium oXide, and Silicon rich oxide.

In conclusion, the anti-retlection layer 312 of the present
invention 1s the etching stop layer of the spacer 314 etching
process, where the anti-retlection layer 312 can also protect
the photo diode 304 1n the photo receiving area F from the
spacer 314 etching damage. Otherwise, the anti-reflection
layer 312 can be the self-alignment silicide block 404. The
anti-reflection layer 312 can avoid the contaminants that
damage the image sensor 300 manufacture 1n the seli-
alignment silicide process. Furthermore, the anti-reflection
layer 502 can be the etching stop layer of the contact hole
manufacture. The reflection imdex of the anti-reflection
layers 312, 502 1s between the retlection index of silicon
oxide and the reflection index of silicon. So, the anti-
reflection layers 312, 502 can decrease the retlection of the
exposure light in the contact hole photolithograph process.

Those skilled 1n the art will readily observe that numerous
modifications and alterations of the device and method may
be made while retaining the teachings of the invention.
Accordingly, the above disclosure should be construed as
limited only by the metes and bounds of the appended
claims.
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What 1s claimed 1s:

1. A manufacturing method of an 1image sensor compris-
ng:

providing a semiconductor substrate;

forming a photo receiving areca in the semiconductor

substrate;

forming a gate electrode on one side of the photo receiv-

ing area in the semiconductor substrate;

forming a dielectric layer on the semiconductor substrate

and the dielectric layer covering the gate electrode and
the surface of the photo receiving area, wherein the
dielectric layer comprises a first anti-reflection layer
and a bufler layer;

forming a covering layer on the first anti-retlection layer;

removing a portion of the covering layer to form a spacer

around the gate electrode;

performing a source/drain 1on i1mplantation process to

form a dopant in one side of the gate electrode away
from the photo recerving area and on the semiconductor
substrate;

performing an etching process on the dielectric layer to

form a self-alignment silicide block on the gate elec-
trode and the photo receiving area;

performing a self-alignment silicide process on the gate

clectrode without the self alignment silicide block, and
the dopant to form a plurality of salicides;

forming a second anti-retlection layer on the gate elec-

trode, the self-alignment silicide block, and the semi-
conductor substrate;

forming an inter-layer dielectric on the second anti-

reflection layer; and

performing a contact hole etching process on the inter-

layer-dielectric to form a plurality of contact holes.

2. The manufacturing method of claim 1, wherein the
second anti-reflection layer 1s a contact hole etching stop
layer.

3. The manufacturing method of claim 2, wherein the
reflection indexes of the first and second anti-retlection
layers are between the retlection index of silicon oxide and
the retlection index of silicon.

4. The manufacturing method of claim 3, wherein the
maternals of the first and second anti-reflection layers are
selected from the group consisting of silicon nitride, silicon
oxy-nitride, certum oxide, titanium oxide, tantalum oxide,
zirconium oxide, and silicon rich oxide.

5. The manufacturing method of claam 1, wherein the
image sensor 1s a complementary metal-oxide semiconduc-
tor 1mage sensor.

6. The manufacturing method of claim 1, wherein the
photo receiving area comprises forming a photo diode.

7. A manufacturing method of an 1mage sensor compris-
ng:
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providing a semiconductor substrate;

forming a photo receiving area in the semiconductor

substrate;

forming a gate electrode on one side of the photo rece1v-

ing area in the semiconductor substrate;

forming a first anti-reflection layer on the semiconductor

substrate and the first anti-reflection layer covering the
gate electrode and the surface of the photo receiving
area;

forming a spacer around the gate electrode and on the first

anti-retlection layer;

performing a source/drain 10n implantation process to

form a dopant in one side of the gate electrode away
from the photo receiving area and on the semiconductor
substrate;

performing an etching process on the first anti-reflection

layer to form a block on the gate electrode and the
photo receiving area;

performing a self-alignment silicide process on the gate

electrode without the block, and the surface of the
dopant to form a plurality of salicides; and

forming a second anti-reflection layer on the semiconduc-

tor substrate to cover the salicides, the spacer and the
surface of the block.

8. The manufacturing method of claim 7, further com-
prising forming a buller layer between the first anti-reflec-
tion layer and the semiconductor substrate.

9. The manufacturing method of claim 7, wherein the
block 1s a self-alignment silicide block.

10. The manufacturing method of claim 7, further com-
prising the following steps after forming the second anti-
reflection layer:

forming an inter-layer dielectric on the second anti-

reflection layer; and

performing a contact hole etching process on the inter-

layer-dielectric to form a plurality of contact holes.

11. The manufacturing method of claim 10, wherein the
reflection indexes of the first and second anti-retlection
layers are between the retlection index of silicon oxide and
the retlection index of silicon.

12. The manufacturing method of claim 11, wherein the
maternals of the first and second anti-reflection layers are
selected from the group consisting of silicon nitride, silicon
oxy-nitride, ceritum oxide, titanium oxide, tantalum oxide,
zirconium oxide, and silicon rich oxide.

13. The manufacturing method of claim 7, wherein the
image sensor 1s a complementary metal-oxide semiconduc-
tor 1mage sensor.

14. The manufacturing method of claim 7, wherein the
photo receiving area comprises forming a photo diode.
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